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Task 34

Biomass Liquefaction Workshop — November 30, 2017
CanmetENERGY-Ottawa, 1 Haanel Drive, Ottawa — Building #1
Introductions and Welcome
CanmetENERGY-Ottawa Overview
Dean Haslip, CanmetENERGY-Ottawa
IEA Country Reports:
Alan Zacher, USA
Ferran de Miguel Mercader, New Zealand
Bert van de Beld, Netherlands
Magnus Marklund, Sweden
Kristin Onarheim, Finland
Axel Funke, Germany
Ensyn: RFO Experience and New Projects Update
Dave Boulard, Ensyn Technologies Inc
Introduction to Energy Services Acquisition Program and Biomass Pilots
Mike Burke, Public Services and Procurement Canada
Lunch
ABRI-Tech Inc: Update on New Projects
Peter Fransham, ABRI-Tech Inc
Hydrothermal Liquefaction of Algae and Low Quality Feedstocks
Devinder Singh, National Research Council Canada
Pyrolysis Process and Product Research at Memorial University

Kelly Anne Hawboldt, Memorial University
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Task 34

Making Use of Abundant Low Quality Residuals through Thermochemical Liquefaction

Ben Bronson, Dillon Mazzerole, Murlidhar Gupta,
Fernando Preto, CanmetENERGY-Ottawa

Ontario's New Regulations and Guidelines to Promote Biomass Heating

Steven Law, Ontario MOECC

Pyrolysis Oil Blends As An Alternative Fuel For Diesel Engines And Gas Turbines
Ashwani Kumar, Sean Yun and W. Stuart Neill, National Research Council Canada

Discussion
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CanmetENERGY-Ottawa
S Overview

Dean Haslip, Director General
CanmetENERGY

Leadership in ecoll
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CanmetENERGY-Ottawa...

CanmetENERGY-Ottawa M
leads the development of EEE e
energy S&T solutions for e T s
the environmental and . o2
economic benefit of
Canadians

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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CanmetENERGY
laboratories across C'anada

* Buildings & Communities

= Clean Fossil Fuels

* Industrial Processes

* Renewables (wind, marine,
solar thermal, bioenergy)

* Transportation

» Qil sands & heavy oil

* Buildings

* Industrial process
integration

= Smart grids

= Solar PV

* RETScreen International

* Minerals and metals

© Her Majesty the Queen in Right of Canada, 35 represented by the Minister of Natural Resources, 2017 &

Bl (i e e Canadi

CanmetENERGY-Ottawa...

P ersonn el Expenditures by Research Area

$27.5 MFY 15/16

= 179 Term and Full-time
= Visiting Scientists
= Co-op Students

Pilot-scale Facilities:

= To accelerate the advancement of
clean energy technologies from the
initial research stage through to
demonstrations

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

- — — — — —— .
Boll [omreoren  fomarca e Canadi

Canada
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CanmetENERGY-Ottawa leads the
development of energy S&T solutions...

... in Clean Fossil Fuels
= Carbon Capture and Storage
= Fluidized Bed Combustion
= Direct Contact Steam Generation
= Gasification

= Shale Gas
© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
.‘l Natural Resources  Ressources naturelies Canad.a...
Canaca Canada

CanmetENERGY-Ottawa leads the
development of energy S&T solutions...

... in Renewables
=  Solar Thermal

= Wind Technology for Cold
Climates

= Marine & Hydrokinetic
= Bioenergy/ Biofuels

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

Pl (oo Bomarcn e Canadi
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CanmetENERGY-Ottawa leads the

development of energy S&T solutions...

...in Energy End-Use
= Built environment
= Energy Efficient Buildings
=  Advanced Mechanical systems
= Integration of Renewables
= Industry
= lron and Steel
=  Pulp and Paper
=  Transformative Technologies
= Transportation
=  Electric Vehicles

= Alternative Fuels
© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
B e =l

GOl e | e Canadd

CanmetENERGY-Ottawa leads the development
of energy S&T solutions...

... through longstanding R&D collaborations e
with:
= Academia W
= Industry and Associations

= Other Canadian Government Departments and o
Organizations

= Foreign Governments, Industry and
International Organizations *

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

Pl (oo Bomarcn e Canadi
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CanmetENERGY-Ottawa leads the development
of energy S&T solutions..
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® Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

1
Bl (i e e Canadi

...for the environmental and
economic benefit of Canadians.

Direct Contact Steam
Generation — Development
Program for In-situ Oil Sands
Production

CanmetENERGY-Ottawa has developed a
technology that reduces the production cost
and carbon intensity of extracting in-situ oil
in the oil sands. More specifically, it reduces
greenhouse gas emissions by 33-70% and
water consumption by 50-100%.

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

Pl (oo Bomarcn e Canadi
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...for the environmental and
economic benefit of Canadians.

50 year collaboration with
CCRA

This year marks 50 years of collaboration
with the Canadian Carbonization Research
Association (CCRA). This long-standing
collaboration has enhanced the
sustainability, environmental and economic
viability of Canada’s metallurgical coal
industry by demonstrating the suitability of
Canadian coals for producing high-quality
metallurgical coke.

® Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
|

GOl e | e Canada

...for the environmental and
economic benefit of Canadians.

Rapidly Deployable Northern
House

This prototype is a less expensive and more
energy-efficient option for housing in rural,
remote and northern regions of Canada and
throughout the world, than traditional
approaches. The pre-fabricated structure can be
assembled in days with limited skills and minimal
tools. It also uses green fuel sources such as a
wood pellet boiler for space and water heating.

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

Pl (oo Bomarcn e Canadi
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...for the environmental and
economic benefit of Canadians.

Biofuels used for
transportation
applications

CanmetENERGY-Ottawa is
working with industry to
convert  woody biomass
derived feedstocks to liquid
biofuels for transportation
applications.

® Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

..l Natural Resources  Ressources naturelies

Canada

...for the environmental
and economic benefit of
Canadians.

High Pressure Oxy-Fuel Combustion
(HiPrOx)

CanmetENERGY-Ottawa is working with international

collaborators (US DOE, Gas Technology Institute) to develop
and test high-efficiency carbon capture HiPrOx technologies
for power generation.

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017
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...for the environmental and
economic benefit of Canadians.

Shale Gas Laboratory

CanmetENERGY’s Sub-Surface Environment group
provides expertise in petrophysics, geochemistry,
geomechanics and high pressure testing due to its
capabilities in the Shale Gas Laboratory where
research into improving unconventional enhanced
oil recovery (EOR) technologies, compressed
energy storage and wellbore integrity is conducted.

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

Bl (i e e Canadi

CanmetENERGY-Ottawa leads the
development of energy S&T
solutions for the environmental and
economic benefit of Canadians

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

Bl [nmyrn oo e Canadi
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Canada

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2017

ural Resources Ressources naturelies
anaca Canada
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Canadia
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CANADIANS. ——

Introduction to Energy Services
Acquisition Program (ESAP) and Biomass
Pilots

IEA Bioenergy Task 34
Biomass Liquefaction Workshop

Michael Burke, P. Eng
November 30, 2017
Real Property Services Branch
Public Services and Procurement Canada

Jof] DevicSevcosand  Services publcs o Canada

Procurement Canada  Approvisionnement Canada

Presentation Index

Index
Introduction
Financial Commitment
GHG Reductions — Stage 1
Delivery Model

Vision for Stage 2

=
Jof] Dvicsevcosama  Servces publcs e Canada

Procurement Canada  Approvisionnement Canada
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Program Overview

The Energy Services Acquisition

Program (ESAP) is modernizing the District
Energy System (DES) which provides heating
services to over 80 buildings and cooling
services to 67 buildings in the National Capital
Region (>1.6M m? of floor space),
accommodating 55,000+ occupants

Introduction

There are two stages to ESAP:
« Stage 1: DES Modernization
« Stage 2: Deeper Greening

.’l m:s«vmm Services publics et Camd’ﬁ .

Canada Approvisionnement Canada

ESAP Objectives

1. Improve the Government of 6. Design CIiff CHCP to be an
Canada's environmental architectural landmark
performance 7. Integrate an education platform

2. Reduce costs of building heating as part of the system’s
and cooling operations transformation and operation

3. Increase safety and reliability of
heating and cooling operations

4. Leverage private sector's
innovation, capacity and expertise

5. Promote growth of the DES
throughout the NCR

Introduction

Example — Education at Hydro-Québec

.’I Public Services and  Services publics et (:arlada
4

Procurement Canada  Approvisionnement Canada
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Supporting Government Priorities

The ESAP program will help the Government of Canada to meet the

following commitments:

+ Paris Agreement committing Canada to reducing GHG emissions by 30%
by 2030;

+ Federal Sustainable Development Strategy and Greening Government
committing to lead by example by greening government operations and
reducing emissions in government buildings and fleets by 40% by 2030 at
the latest; and

+ Pan-Canadian Framework on Clean Growth and Climate Change
committing to move toward smart and sustainable buildings that use less
energy and open the way for using renewable energy sources

Introduction

Canada

'.l mtmw Services publics et

ESAP Has Two Stages

Stage 1 — DES Modernization Stage 2 — Deeper Greening

— Convert to industry-standard low — Convert base load to carbon

temperature hot water
technology (LTHW)

Switch from steam to

electric chillers

Implement Smart Buildings data
analysis to improve efficiency
Test new carbon neutral fuels for
deeper greening - pilot projects,
feasibility studies

neutral fuels — achieve low
carbon government

Increase the number of
government buildings connected
to the DES

Expand and share carbon
neutral energy with non-federal
buildings in the community

Introduction

Canada

l*. Public Services and Wwbﬂmawm
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Introduction

Tunney's
Pasture

[

—
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Opportunity

Stage 1 will:

* Reduce GHG emissions by over 60% of the
2005 emissions baseline.

+ Generate savings estimated at $750 million
over 40 years.

* Meet a government commitment to
eliminate use of ozone-depleting
substances.

Introduction

Inside Ciiff heating
and cooling plant

Qo] Ducsmeommd  Secmpmicsnt Canadd .
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Financial Commitment in 2016

+ Budget 2016 committed new
funding to ESAP to:
o upgrade the aging DES
to use more efficient
technologies (Stage 1); and
o explore using renewable
sources of energy (start of
Stage 2)
* ATreasury Board (TB)
Submission was approved

in December 2016 Ciiff heating and cooling plant

l‘l Public Services and Services publics et
Procurement Canada  Approvisionnement Canada

Canada

Financial Commitment

9

TB Submission Approval
December 2016

+ TB approved Stage 1 — Project Approval for
the modernization of the heating and cooling
DES in the NCR, at a total estimated cost
of $3.1B (including HST)

+ TB also provided access to $250M in
funding for:
- The ESAP Team work necessary to get to
contract award ($60M); and

- The first four years of Building Conversion
and Smart Buildings / Plants work ($190M)

I*l Public Services and Services publics et
Procurement Canada  Approvisionnement Canada

Confederation Heights
heating and cooling piant

Canada

Financial Commitment

10
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Reduction of GHG

Emissions by Component Smart

Buildi 10% 24
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The Delivery Model

+ For DES Modernization (Stage 1), it is a single Design-Build-
Finance-Operating-Maintenance (DBFOM) contract
— ltis a P3 project agreement with a duration of 35+ years
— DB = design build - this phase will take five years
- f = finance of the construction phase for a seven year term
— OM = operations and maintenance — 2020 to 2055
» For Smart Buildings/Plants, it is an Memorandum of
Understanding (MOU) with National Research Council (NRC)
+ For Building Conversion, it is several Design-Bid-Build (DBB)
contracts
» For two Biomass Pilot Projects, it is a MOU with NRC and
Natural Resources Canada (NRCan)

Delivery Model

Bl Docsoommnd  Sevcwmpiicost Canada

13

P3 Procurement Process

It is comprised of two principal stages:
Request for Qualifications (RFQ)
- Evaluates consortia based on experience in designing, constructing, short

term financing, operating, and maintaining a project of similar size and
complexity

- Selects the top three Qualified Respondents that will be invited to
participate as Proponents in the Request for Proposals (RFP)
Request for Proposal (RFP)
— Sets out the conditions and specifications required to undertake the Project
— Invites proponents to submit binding technical and financial proposals

— Results in the selection of the successful Proponent and signature of the
Project Agreement

Delivery Model

Qo] Duicsncmmd  Sevcmpiicss Canadd ‘
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P3 Procurement Process Timeline

Activity Date 5
RFQ Issued (RFP developed to 70%) August 2017 '8
RFQ Closed November 2017 -
RFQ Short List Approved January 2018 5
RFP Issued February 2018 =
RFP Technical Submission October 2018 8

RFP Financial Submission January 2019

RFP Evaluation Completed, Preferred Proponent Identified | January 2019

Contract Award April/May 2019
Bl Docsoomams  Sevcmpwicast Canadd

Exciting Models are an Inspiration for ESAP
New models are emerging across the
world for heating and cooling = ESAP will N
be a model for others once completed 8,
©
w
S
o
9
2
=
The Optic Cioak
G h Energy Infr
(London, UK)
design for incir ion plant
in Copenhagen, Denmark
Bl Duicsnemmd  Sevcmpiicss Canadd
16

Quick Notes Page 20



Vision for Stage 2

The vision for Stage 2 o~
consists of two components: 2
1. Switch from natural gas %
to carbon neutral fuels =
for base load; and =
2. Expand the system j%
gradually to grow from >

80 to 600 buildings

Place du Portage Complex - a target
for system expansion

ol Baiinm ettt Canadd

What is Biomass?

* In Stage 2 we will move to carbon
neutral fuels, including biomass

» There are several types of biomass:
o Hog fuel;
o Wood chips;
o Regular wood pellets;
o Torrefied wood pellets; and
o

Bio-oil (renewable fuel oil) made
from wood by-products

Tomasz and Plerre checking out
biomass samples in Thunder Bay

)
B DvicSevissand  Sences publcs e Canada
Procurement Canada  Approvisionnement Canada o
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Biomass Pilot Projects

+ The first step of Stage 2 is to assess
the feasibility of various carbon
neutral fuels

* In 2017-18, ESAP will be testing
two fuel sources:

o Wood chip, and

o Bio-oil (renewable fuel oil) made
from wood by-products

* The goal will be to better understand
the benefits and costs of use

'.. mmm Services publics et

Blomass samples that are being
considered for testing at
Confederation Heights Plant

Canada

Vision for Stage 2

19

l*. Public Services and  Services publics et
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Dol moiimm, At e Canada
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Bl Docsoommd  Seempwicsst Canadd

Biomass Pilot Projects

+ 2 X 1.5 MWth Pilot plants operational in spring 2018

« At full load will consume approx 0.57 tonnes/hr of
wood chips and 380 litres/hr of RFO.

« Evaluating trade-offs in wood chip cost and quality
against equipment cost and operation

» Feasibility will be affected by RFO/ wood chip price
vs fossil fuel pricing, carbon tax impact and ongoing
commitment to climate change mitigation

» Possibility of a 40 MWth biomass plant for base load
after 2025

l.. Public Services and  Services publics et (:amﬁ %

12
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How ESAP Can Expand The Network

s,
\\,g_,!’ 1 = 3

Using carbon
neutral fuels
would allow
us to expand

Existing PSPC
DES locations

Vision for Stage 2

® Potential DES
Growth and
Expansion

@ Existing Plants

Bl Docsoommnd  Sevcwmpiicost Canada

25

GHG Emissions
Reduction Stages 1 & 2

Stage 1: DES|
Modernization 63%

+ By 2030, GHG emissions
will be reduced to less
than 10% of 2005
baseline emissions if we

Stage 2:
complete Stage 2 Deeper

Greening

Vision for Stage 2

Remaining|
Fossil Fuels

l*. Public Services and Wwbﬂmaw

13
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Stages 1 & 2 - 2005 to 2030
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Bl [icsmonms  Sevoesputicea Canadd

Vision for Stage 2

Thank you.

Michael Burke
Energy Services Acquisition Program
Public Services and Procurement Canada

Michael.burke@pwgsc.gc.ca

Canada

l.. Public Services and  Services publics et

Chilled Water Plant in Paris

Canada

28
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T34 Liquifacton Workshop
Bells Corners Complex

Peter Fransham, PhD
ABRI-Tech Inc.

November 30, 2017

« ABRI Tech is part of the Leggett Group

- Forestry company with logging and sawmill operations in Namur,
Quebec

- In continuous operation sjpce 1932
— Current management is 3 generation
« Memorial University
~ Collaboration on a variety of pyrolysis related subject

~ Ideal industry/academic relationship where we both benefit from the
other’s expertise

e
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. Three modules: dryer, reactor, and condenser

Unique chain flail dryer simultaneously grinds and dries

Auger reactor with steel shot heat carrier

There is no fluidizing gas or transport gas to heat and cool

Parasitic loss by keeping elevation changes to a minimum

Combination direct and indirect condensing system

« Pyrolysis is all about energy transfer from a carrier to the
biomass

« We use temperature as a measure, but really we want energy
transfer

« Steel shot is dense and has a high thermal conductivity
« Biomass is rapidly incorporated into the shot.
« Optimal biooil yield between 450C and 475C for most biomass

e
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[ Shot/Biomass Blending .J
T |
@

e

« 65% biooil yield is easily reached and could be better with better
condensation — ESP or other techniques

« Meets lower range of ASTM standards — char content is too high
with current design

« Distillation test was perfomed on a recent sample and did not
polymerize and distilled up to 475C when only 2% was left

« Memorial University has an indepth study of distillation
underway

e
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3D Drawing

Cyclone

Reactor

Flail

Furnac
Section v ' e
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. First scale up of the current design
« We are in the commissioning stage

« Identified technical issue that have been fixed

- Undersized blower for dryer — dryer will not operate at full
capacity

- Excessive char carryover into condenser — plugging of tube and
shell heat exchanger

Quick Notes Page 31
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« A polishing cyclone was added between the reactor and the
condenser.

« Results so far are positive

« Additional instrumentation added to dryer for better control
of air flows.

« Commissioning is progressing

« Customer is 1000 strong engineering firm specializing in energy
related projects

« End user is an oil company wanting to make transportation fuels
from abundant forest residuals

« Modular and transportable are key requirements
« Biooil to be shipped to refinery for processing
« NCG and biochar to be used for heat

e
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March 2017 Visit to Canada by Russian Engineers
June 2017 Contract documents signed
July 2017 Kick off meeting and modifications to deliverables.

October 14 — November 10 Completion of design package in
Kazan and Moscow

Plant to be built in Russia

Target date for comissioning — late 2018

e

ABRI-Tech has only limited knowledge of their upgrading
technology

Based on FCC

Testing in pilot scale FCC facility using BTG biooil has
been successful and produced the right mix of hydrocarbons

Technology is different from UOP/Ensyn and separate
patents will be filed.

Quick Notes Page 33
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- Payment according to contract terms was received after a
short delay by Canada looking for violations of infractions

« Russian engineers are first class and a joy to work with
« Given the talent, probability of success is high

« Management is decisive — no waffling on issues

« Thank you

Quick Notes Page 34



Hydrothermal Liquefaction of Algae and
Low Quality Feedstocks

Devinder Singh
Nov 30, 2017
T34 Biomass Liquefaction Workshop

o oo Commtomcron Canadi
Council Canada recherches Canada

* Introduction

+ Hydrothermal Liquefaction (HTL) of various algae species and low quality feedstocks in batch
reactor and plug flow reactor.

» Conversion of HTL Water Organics

+ Process for recovery and recycle of nutrients from HTL Water

+ Thermal Upgrading and co-processing of bio-crude with bitumen

+ Summary

Quick Notes Page 35
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Hydrothermal Liquefaction

Big-Solids

*Wet, low quality feedstocks like food wastes, biomass
slurries, algae

*Typical conditions: ~350 C, up to 30 min, ~ 2900-3000
psi

*Produces high quality bio-crude and aqueous phase

Batch Reactor Yields of Bio-crude and Solids

Bio-
- m Bio-crude = Solids Na,CO, additive

30
Wt %
20
10 I
ww ww

Food Waste | Food Waste-| Road Side | Road Side Pulp Paper|
add residues |residues-add| Biosolids |Biosolids-add| Sludge
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Properties of Bio-crude

Na,CO; ad

= 7 -
FOOD WASTE FOOD WASTE-  RD SIDE RES RD SIDE RES- BIOSOLIDS
ADD ADD
wCowt% =Hwt% *Nwt% =0 wt% =HHV, MJ/Kg

Major species from GC-MS: Food Waste, WW Bio-solids

Food Waste

Cymene
Phenol, 4-methyl-

2-Cyclopenten-1-one,
2,3 4-trimethyl-
2-Cyclopenten-1-one,
2-methyl-
2-Cyclopenten-1-one,
3-ethyl-

1-Ethyl-2-
pyrrolidinone
Hexadecanoic acid,
methyl ester
8-Octadecenoic acid,
methyl ester
1H-Indole, 2,3-
dimethyl-

9-Octadecenoic acid
(Z)-, methyl ester

Bio Solids

9.8Cholest-4-ene
Cholest-3-ene,
3.5(5.alpha.)-

3.1Phenol, 4-methyl-
Cholest-3-ene,

2.4(5.beta.)-
Cholest-7-ene,

2.1(5.alpha.)-

1.8Cholest-2-ene
1.5Phenol
1.5Cholest-5-ene
1.42-Pyrrolidinone
4.alpha.-

Methylcholest-7-en-
1.33-one

Quick Notes Page 37
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Major species from GC-MS: Road Side Residue, Pulp sludge

Road Side Residues

Phenol, 2-methoxy-

Phenol, 2,6-dimethoxy-

Phenol
Phenol, 2-methoxy-4-
methyl-

Phenol, 4-methyl-

2H-Pyran-2-one, 3-acetyl-4-

hydroxy-6-methyl-
2-Cyclopenten-1-one, 2-
methyl-

Phenol, 4-ethyl-2-methoxy-

Phenol, 3-
[(trimethylsilyl)oxy]-

Phenol, 4-ethyl-

Pulp Sludge

8.7 Phenol, 2-methoxy-
Phenol, 2-methoxy-4-
8.6 methyl-

Phenol, 4-ethyl-2-
5.2methoxy-

3.8Phenol
3.5Phenol, 4-methyl-

Phenol, 2-methoxy-4-
3.4propyl-

2-Cyclopenten-1-one,
3.22-methyl-

1H-Indole, 2,3-
2.9dimethyl-

2.2Phenol, 4-ethyl-

Phenol, 2-methoxy-4-
2.0methyl-

1.8

6.0

46

3.2

3.0

27

21

Hydrothermal Liquefaction Plug Flow Reactor

<

HTL Water Collection|
Vessel

(S STy e~

LLLTTTooooYy

Heat Recovery
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Algal-crude yields and properties

18 20 20 17
Feed, L/h 1.2 1.0 1.0 1.2
C,wt% 69.1%0.3 75.1£0.6 744%01 73.7%0.1
H 10.7£01 107 £0.2 114103 120£0.1
N 46+01 6.2+0.1 4604 3.8+0.01
S 0.69%0.1 1101 0.64%0.1 0.7£0.01
o 147 £0.11 6.7%0.5 8.8+0.30 9.3+0.12
HHV, MJ/Kg 36.0 £0.42 39.6 40.0%0.35 40.52£0.11
Ash, wt % 0.44 0.24 0.2 0.36
Algal-crude 40.4 40.7 43 39
yields, wt %

Algal-crude product profiles: GC-MS

Similar product profiles were observed
i of algae sp

QD,

7 ” ” 2 Ed

Time, min
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GC-Analysis : Aqueous phase

DCM Extract of HTL Water ~ Pyridine,

Pyridine,

P e ==

2,5-Pyrrolidinedione, 1-

ethyl-

Pyrazine

2-Pyrrolidinone, 1-
methyl
Pyrazine, ethyl- |
2-Cyclopenten-1-one, 2-
methyl- 1
2-Cyclopenten-1-one, 3-
methyl-
Cyclopentanone, 2-
methyl-
Pyrrolidine, 1-acetyl-
Pyrazine, 2-ethyl-6-
methyl-
Pyrazine, 2 3-dimethyl-
Pyridine, 3-methyl-

, 1.4-Benzenediamine,

N,N'"-diethyl-

Benzeneethanamine

Pirazlnol Z:G-dlmelhg-

J.5E«6

3.0E+6

25E+6

2.0E+6

1.5E+6

1.0E+6

5.0E+5

0.0E+0

2 4 L] 8 10 12 14 16 18 2

Nutrients

+ Nitrogen and Phosphorous requirements are a potential barrier to the
scalability of algae based biofuels.

* Production of ammonia by Haber-Bosch process is energy intensive.

* Phosphate is a non-renewable resource
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HTL Water and Nutrient Recovery

Algal-crude Liquid Fuels
Chemicals
Yields:39-43 wt% Lubricants
o~y 40 MJIKg g
/ 3
[ NPy || HTL water
' >~80% Organics Struvite
X >99% J 5 NH,MgPO, 6H,0
N -
Use as
Fertilizer

!‘-..-Pﬂﬂiilmlqw-...---..-...---..-

Flue gas
nutrient

Struvite as potential by-product

<4-PH8-As is <+-Ph10 -#-Ph9 -=-Ph11 -#-MgOH
80 MgCl, source of Mg

PO, Recovery,
% 50

Maximum phosphate recovery Struvite
from HTL Water: 75 % NH,MgPO, 6H,0

0 1000 2000 3000 4000
Mg added mg L~
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Conversion of HTL Water Organics to Gaseous Products

J 50 _ co <o
co
v | o 2 H,
’ 30
204
C Conversion: 25-40 %
350C, 1 hr 10
CH, co
CH, H, CH, .
o] Imm & [
Pd-Alumi Ru-Alumi Ru-Carbon

Conversion of HTL Water Organics to Liquid Products

MoS based catalysts, H,
350C,1hr

Time, min

Quick Notes Page 42

2017-11-30



2017-11-30

MgCl, 6 H,0 }

HTL Water
from
reactor

Struvne

Algae Growth
HTL Water HTL Water

.—.
2:)?:/:‘30 . Activated Carbon

751

« increase in biomass concentrations with
HTLW
«+ Inhibition significantly reduced

WW-Struvite-0.2% 600
HTL

Another approach: decoupling nutrient recycle from HTL Water

Algal-crude Liquid Fuels
Chemicals
Lubricants
HTL Water
, P, Organics
Struvite
Precipitation
Use as
Fertilizer

———————— - -
Flue gas " nn e PAYIINNOl s s b nsnnnnn s
nutsients ertilizer
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Decoupling nutrient recycle from HTL Water

@Air eSimulated Flue Gas
12000
()
[ ]

10000
°
)
8000 ¢
NH,

mgL® 6000

4000 °
2000 °

§ o

0 10 20 30 40 50 60 70 80

Time, hr

Algae Growth on Recovered Nutrients

MgCl, 6 H,0
o Struvite, Algal
HTL Water Culture
HTL-AC
HTL Water Distilled Activated
from Water Carbon
Reactor Adsorption
ApparentN| Apparent P Specific
Growth Media | Removal | Removal | Growth Rate :;:' (';'::’:f)
(%) (%) (d?)
DW-HTL| 44%5.8 -204+11.1 0.73+0.12 0.03 £ 0.02
DW-HTL-AC >99 68.3+5.7 1.15 £ 0.09 0.95 + 0.05
Maoadified Bold’s Basal | 63.2 £ 31.1 6.4+5.0 1.24 £ 0.04 0.9110.27

10
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Proton NMR of different water samples

type: T NF N
: b R-O-CH.-R,

C:295wm% "

HTL
Process A

I -~ aromatics
. . i
..

C:0.83wt%
W«L————— N

DW-HTL
Process B

C:0.12wt%
.

Xx10

R-O-CH,
-~

DW-HTL-AC

Process B
C: 0.09 wt%

X10

Chemical Snt (ppen)

Algal Crude

Bitumen)

Delayed Coker
Units

Hydrotreater

Synthetic Cru
Qil
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Asphaltenes

High molecular weight aromatic components

One of possible structures of
asphaltenes in crude
Problems in processing and refining:
* Precipitate
» Coke formation
* Increased catalyst poisoning

Asphaltenes in bio-crude

© 30
o
g2 "
G o n] T e
< 2 a B \" PPNy
2 15 i e < 5
© B Asphaltenes from algal
'E_ 10 bio-crude
7]
< s

0

0 20 40 60
Reaction time, min

NC-CN3C

12
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